Sn NMR chemical shifts, 5(" 9 Sn), for a series of the R"SnCl4_ n (R = Me, Et; n = Ο -4) compounds have been determined theoretically both in the gas phase and in the solvent (chloroform). The investigations have been carried out using density functional theory (DFT) and the influence of the solvent has been described within the polarizable continuum model (PCM). The calculated 5( 119
of catalysts, dialkyltin and trialkyltin chlorides also undergo ligand exchange with SnCl 4 /19/. For MeSnCl 3 in solution, the ligand exchange leads to the formation of Me 2 SnCl 2 and SnCl 4 /20/. Alkyltin trichlorides are important intermediates in the synthesis of poly(vinyl chloride) (PVC) stabilizers. Moreover, BuSnCl 3 has found a promising application in the chemical-vapour deposition (CVD) process of glass coating with SnO 2 n.M. Dialkyltin dichlorides are employed as starting materials in the production of the polymeric oxides, (R2SnO) n . " 9 Sn NMR properties of alkyltin chlorides have become a subject of a few theoretical investigations so far. Nakatsuji et al. /3/ have calculated the " 9 Sn chemical shifts of Me n SnCl 4 . n (n = 0 -4) by means of ab initio finite perturbation method. The authors have observed a U-shaped relationship between the 5(" 9 Sn) values of Me n SnCl 4 . n and the number of the Cl ligands. The shape of this relationship is ascribed to the existence of two opposite and competitive factors, namely the p-p* excitation mechanism and the density anisotropy factor. The " 1251. In the DFT part of these calculations, solvent effects have been taken into consideration. The static isodensity surface polarized continuum model (IPCM) within the framework of self-consistent reaction field (SCRF) has been employed. Solvent effects change the energetics of the disproportionation and this reaction is faster in the solvent gas compared to the gas phase. The results of gas-phase DFT calculations for the energetics and mechanism of the reaction between R(OCH 2 CH 2 NMe2)2SnCl with PhSnCl 3 (R = Me, Bu, Ph, Mes) have been reported by Portnyagin et al. 1261. Whittleton et al. 1211 have presented an interesting computational study, in which the ability of various effective core potentials (ECP) for tin to reproduce the experimental gas-phase geometries of Me"SnCl 4 ." (n = 0 -4) has been assessed.
The aim of the present paper is to establish the influence of solvent on ' l9 Sn chemical shifts. The methyltin and ethyltin chlorides, tetramethyltin, tetraethyltin and tin tetrachloride have been investigated by means of DFT and the 6( ll9 Sn) values for these compounds have been determined both in the gas-phase and in the solvent (chloroform.) To the best of our knowledge, no calculations of the '
I9
Sn chemical shifts including solvent effects have been performed for the R"SnCl4. n (R = Me, Et) series until now. The interpretation of the chemical shifts in terms of group properties is presented for ethyltin chlorides. In addition, the Ή and 13 C chemical shifts, together with the corresponding atomic charges, have been computed for the molecules Me n SnCl 4 . n (n = 1 -4) to explain their readiness to undergo the ligand exchange process.
METHODS
A uniform external magnetic field, B, induces an electronic current within a molecule. The electronic current is, in turn, associated with its induced magnetic field, which partially shields or deshields a nucleus, N, of the molecule from the external field, and, as a consequence, the nuclear magnetic shielding is observed.
The nuclear magnetic shielding tensor, σ, can be defined as /28/:
In this formula, r N is a point in real space where N is placed and j (l) (r) denotes the first-order induced current density at each point r in real space. B can be connected with a vector potential, A(r), through the following formulas:
A(r) = iBx(r-r 0 )
where r 0 is the gauge origin. Within the finite basis set approximation, j 
Obviously, the IG AIM method can also be considered in terms of the modified vector potential, but then d(r)
takes discrete values equal to the atomic centre positions in the molecule. If d(r) is a constant, the single origin (SO) method 730, 3 1/ is obtained.
Instead of assigning gauge origins in real space, it is possible to ascribe gauges to individual atomiccentred basis functions. It leads to the gauge-independent atomic orbitals (GIAO) method /32, 337, which uses the following explicit field-dependent basis functions:
where 4j ( r ~ r N ) denotes the usual field-independent functions.
The influence of solvent on the molecular properties of solute can be estimated using a variety of solvation models. In the SCRF models the effect of solvent is considered to be a perturbation of the Experimental NMR spectra are usually recorded in solution, and therefore their theoretical computation requires proper treatment of solvent effect 734, 387. Moreover, nuclear magnetic shielding depends on the electronic structure of the whole system, which, in turn, is affected by the intermolecular interactions between solute and solvent. According to Buckingham's model 7397, the nuclear magnetic shielding for solute, σ, is the sum of the shielding for the isolated molecule, CTj so iated , and the contribution due to the presence of sol vent, a so | vent :
The solvent effect, a so | vent , is assumed to be partitioned in four additive terms:
where σ^ is the term related to the bulk magnetic susceptibility of solvent, o a is the contribution which arises from the anisotropy in the magnetic susceptibility of solvent, a w is due to the non-electrostatic solute-solvent van der Waals interactions and, finally, σ β means the long-range electrostatic solute-solvent interactions. The solvent effect on the nuclear magnetic shielding within the PCM covers only the a e component 7407.
In this paper the NMR properties have been determined for the molecular structures optimised both in the gas phase and in the solvent (chloroform.) In the case of the gas-phase optimisations, the initial geometries of the molecules have been generated by Molden 7417 and then preliminarily optimised by means of the AMI semiempirical method /42/, together with a standard gradient technique. The AMI -optimised structures have been further optimised using the B3PW91 functional 743, 447. This functional is Becke's three-parameter hybrid exchange-correlation functional, £^3 PW91 , in the following form: The group electronegativity, χ, hardness, η, and softness, S, are evaluated using the following formulas:
(ii)
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RESULTS AND DISCUSSION
The " 9 Sn NMR chemical shifts of R"SnCI 4 ." (R = Me, Et; n = Ο -4) were measured experimentally /51/ and cover a range of 314 ppm, from -150 to 164 ppm. They were recorded in a solvent, mainly in carbon tetrachloride or chloroform.
In order to calculate theoretically 8( ll9 Sn) for a given molecule, the value of the " 9 Sn isotropic absolute shielding constant for this molecule is subtracted from the analogous value for the reference molecule,
The theoretical foundations for the calculation of σ were outlined in our previous paper /I I/. In Table 1 there are 5( where n denotes the number of the investigated molecules (n = 8; the reference Me 4 Sn molecule has been excluded.)
As can be seen in Table I , all three computational methods underestimate the range of 5(" Table 1 reveals that the growing number of chlorine atoms is accompanied by an upfield shift. Such a shift is observed for both series: Me n SnCl 4 . n and EtnSnCU.,, and, as explained by Nakatsuji et al. /37, it originates from the spin-orbit coupling. However, the dependence of 5(" 9 Sn) on the number of chlorine atoms is not linear but rather U-shaped (see Fig. 1 .) The shape of this dependence indicates a non-additive inductive effect of the Cl atom on the electron density of tin.
In general, solvent may strongly affect the geometry of an organotin molecule and coordinate to the Sn atom. It obviously exerts a non-negligible influence on the " On the basis of the data in Table 1 , it is possible to compare the accuracy of 5(" Table 2 . It can be seen in this table that the more chlorine atoms there are in a group, the higher electronegativity the group exhibits.
Replacing an ethyl group with a chlorine atom systematically increases the hardness and decreases the softness. The change of the 6(" Sn), one would expect a downfield effect due to the implied lesser shielding of the Sn atom.
In fact, the observed trend is opposite. In order to explain this trend, it is necessary to introduce the hardness, whose increase makes the charge capacity in the Sn neighbourhood smaller and thus leads to an upfield shift. As an additional task of the presented investigation, some other NMR, as well as electron, properties have been determined for the Me"SnCl4-" (n = 1 -4) series in the gas phase. The proton, δ(Ή), and carbon, 8( Table 4 NPA, Mulliken and Del Re C-atom charges, q(G), together with calculated and experimental shielded. In other words, the movement of the atomic charges towards positive values is accompanied by the same movement of the corresponding chemical shifts. It is worth noting here that such a ratiocination is not applicable for the tin atom, as was shown earlier in the paper for the group electronegativity.
